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(57) ABSTRACT

A method of transferring graphene includes patterning an
upper surface of a substrate to form at least one trench therein,
providing a graphene layer on the substrate, the graphene
layer including an adhesive liquid thereon, pressing the
graphene layer with respect to the substrate, and removing the
adhesive liquid by drying the substrate.
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1
METHOD OF TRANSFERRING GRAPHENE
USING TRENCH AND SUBSTRATE FOR
RECEIVING GRAPHENE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0083054, filed on Aug. 19, 2011, in the
Korean Intellectual Property Office, the disclosures of which
is incorporated herein in its entirety by reference.

BACKGROUND

1. Field

Some example embodiments relate to methods of transfer-
ring graphene using a substrate having a trench for drying
graphene.

2. Description of the Related Art

Graphene having a 2-dimensional hexagonal carbon struc-
ture is a material that may replace semiconductors. Graphene
is a zero gap semiconductor. When a graphene nano-ribbon
(GNR) having a graphene channel width of 10 nm or less is
formed, a band gap is formed by a size effect. Accordingly, a
field effect transistor that may be operated at room tempera-
ture may be manufactured using the GNR.

Also, graphene has a mobility of 100,000 cm?*V~'s™" at
room temperature, which is approximately 100 times higher
than that of silicon. Thus, graphene may be applied to high-
frequency devices, for example, radio frequency (RF)
devices. Graphene may be manufactured by a chemical vapor
deposition (CVD) method or thermal decomposition of a
silicon carbide (SiC) substrate.

In the CVD method, graphene may be grown by supplying
a carbon-containing material onto a catalyst layer in a CVD
chamber. Graphene manufactured in this way may be referred
to as CVD graphene. In order to manufacture an electronic
device using the CVD graphene, after removing the catalyst
layer under the CVD graphene, the CVD graphene needs to
be transferred to a substrate for receiving graphene. When the
CVD graphene is transterred onto the substrate, voids may be
caused between the graphene and the substrate in a drying
process of the CVD graphene, and thus, the CVD graphene
may be in a relatively high roughness state, that is, an uneven
state with respect to the substrate. Accordingly, the CVD
graphene may be difficult to apply to an electronic device.

SUMMARY

Some example embodiments provide methods of transfer-
ring graphene to a substrate for receiving graphene using a
trench with low roughness. Additional aspects will be set
forth in part in the description which follows and, in part, will
be apparent from the description, or may be learned by prac-
tice of the presented embodiments.

According to an example embodiment, a method of trans-
ferring graphene includes patterning an upper surface of a
substrate to form at least one trench therein, providing a
graphene layer on the substrate, the graphene layer including
an adhesive liquid thereon, pressing the graphene layer with
respect to the substrate, and removing the adhesive liquid by
drying the substrate.

The adhesive liquid may include at least one selected from
a group consisting of deionized (DI) water, isopropyl alcohol
(IPA), ethanol, methanol, and mineral oil. The at least one
trench may include a plurality of trenches. The patterning
may form the plurality of trenches parallel to each other. Both
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edges of each of the plurality of trenches may extend towards
a circumference of the substrate when viewed from a plan
view.

At least one pair of neighboring trenches of the plurality of
trenches may be connected by grooves therebetween. Each of
the plurality of trenches may have a width in a range of about
1 um to about 1000 pm. At least one pair of neighboring
trenches of the plurality of trenches may have a pitch in a
range of about 0.1 cm to about 10 cm.

Providing the graphene layer may include sequentially
stacking a protective layer and a supporting layer on the
graphene layer. The protective layer may include at least one
material selected from a group consisting of poly methyl
methacrylate (PMMA), photoresist (PR), electron resist
(ER), silicon oxide (SiOx), and aluminum oxide (AlOx). The
supporting layer may include at least one material selected
from a group consisting of an adhesive tape, a thermal release
tape, and an ultraviolet (UV) tape.

Pressing the graphene layer may include sliding a roller on
the supporting layer to press the adhesive liquid into the
plurality of trenches. The substrate may include at least one
selected from a group consisting of a silicon-on-insulator
(SOI) substrate, a plastic substrate, and a glass substrate.

According to another example embodiment, a substrate
structure may include a substrate including a plurality of
trenches therein, and a graphene layer on the substrate.

The plurality of trenches may be parallel to each other.
Both edges of each of the plurality of trenches may extend
towards a circumference of the substrate when viewed from a
plan view. At least one pair of neighboring trenches of the
plurality of trenches may include a groove therebetween con-
figured to connect the plurality of trenches in the substrate.

Each of the plurality of trenches may have a width in a
range of about 1 um to about 1000 pm. At least one pair of
neighboring trenches of the plurality of trenches may have a
pitch in a range of about 0.1 cm to about 10 cm. The substrate
may include at least one selected from a group consisting of a
silicon-on-insulator (SOI) substrate, a plastic substrate, and a
glass substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a plan view of a substrate for receiving graphene
in a method of transferring graphene, according to an
example embodiment;

FIG. 2 is a cross-sectional view taken along the line [1-II' of
FIG. 1,

FIG. 3 is a plan view of a substrate for receiving graphene
as a modified version of the substrate for receiving graphene
of FIG. 1, according to another example embodiment;

FIG. 4 is a cross-sectional view of a graphene structure
including graphene to be transferred, according to an example
embodiment;

FIG. 5 is a cross-sectional view of a graphene structure
disposed on a substrate; and

FIG. 6 is a schematic drawing showing an operation of
discharging an adhesive liquid disposed on graphene to
trenches by using a pressing device.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
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ings. In the drawings, thicknesses of layers and regions are
exaggerated for clarity. Like reference numerals in the draw-
ings denote like elements throughout the specification, and
thus, the detailed descriptions thereof will be omitted.

It will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. As used herein the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that, although the terms “first”, “sec-
ond”, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of
example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of example embodiments. As used herein, the singu-
lar forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Example embodiments are described herein with reference
to cross-sectional illustrations that are schematic illustrations
of idealized embodiments (and intermediate structures) of
example embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are

20

25

30

35

40

45

4

schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of example embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly-used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

FIGS. 1 through 6 schematically illustrate a method of
transferring graphene, according to an example embodiment.
FIG. 1is a plan view of a substrate 100 for receiving graphene
in a method of transferring graphene, according to an
example embodiment and FIG. 2 is a cross-sectional view
taken along the line II-II' of FIG. 1. The substrate 100 for
receiving graphene may be a circular type wafer that is used
in a semiconductor process, and, hereinafter, for convenience,
is referred to as the substrate 100.

Referring to FIGS. 1 and 2, a plurality of trenches 110
parallel to each other are formed on a surface of the substrate
100. The trenches 110 may be patterned by a photolithogra-
phy method and an etching method, which are conventionally
known. For example, after forming an etch mask by pattern-
ing a photoresist using a photolithography method, the
trenches 110 may be formed in the substrate 100 by using an
etching method such as a reactive ion etching (RIE) method.

In FIG. 1, the trenches 110 are formed parallel to each
other. However, example embodiments are not limited
thereto, and the trenches 110 may not be parallel to each other.
Both edges of the trenches 110 extend to the circumference of
the substrate 100. Both edges of each of the trenches 110 may
be a discharge path of an adhesive liquid which will be
described later. The adhesive liquid may be deionized (DI)
water, isopropyl alcohol, ethanol, methanol, or mineral oil,
etc.

The substrate 100 may be a silicon-on-insulator (SOI) sub-
strate, a plastic substrate, or a glass substrate. An insulating
layer of the SOI substrate may be formed of an insulating
material such as SiO, or SiN.

The trenches 110 may have a width W in a range of about
1 pm to about 1000 pm. The width W ofthe trenches 110 may
vary according to the adhesive liquid used. For example, if
alcohol is used as the adhesive liquid, the width W may be in
a range of about 1 pm to about 1000 um, and if DI water or
mineral oil is used, the width W may be in a range of about 30
um to about 1000 um. The trenches 110 may have a depth D
that is approximately the same size as the width W of the
trenches 110.

The trenches 110 may have a pitch P in a range of about 0.1
cm to about 10 cm. The pitch P of the trenches 110 may be
designed to meet a size of chips to be formed on the substrate
100. That is, graphene is transferred onto an upper surface of
the substrate 100. When the chips are formed using the
graphene, the trenches 110 may be used as dicing regions in
a subsequent process. In this case, a width of an upper surface
102 between two trenches 110 may be greater than that of at
least one of the chips to be formed thereon.

FIG. 3 is a plan view of a substrate 200 for receiving
graphene as a modified version of the substrate 100, accord-
ing to another example embodiment. In FIG. 3, like reference
numerals are used to indicate elements that are substantially
identical to the elements of FIG. 1, and thus, the detailed
description thereof will not be repeated.
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Referring to FIG. 3, grooves 120 may be formed between
neighboring trenches 110. The grooves 120 may provide vari-
ous discharge paths of the adhesive liquid by connecting the
trenches 110.

FIG. 4 is a cross-sectional view of a graphene structure 160
that includes graphene to be transferred, according to an
example embodiment. Referring to FIG. 4, a protective layer
140 and a supporting layer 150 are sequentially stacked in a
stated order on an upper surface of a graphene layer 130.
Hereinafter, a structure including the graphene layer 130, the
protective layer 140, and the supporting layer 150 is referred
to as the graphene structure 160. The graphene layer 130 may
be formed by a conventional method, for example, a chemical
vapor deposition (CVD) method using a source gas that con-
tains carbon, such as CH,, C,H,, C,H,, or CO on a catalyst
layer. The graphene layer 130 manufactured in this way is
referred to as a CVD graphene layer. The graphene layer 130
may be formed as a mono-layer or a bi-layer. The graphene
layer 130 may be formed to have a thickness in a range of
about 0.3 nm to about 2 nm.

The protective layer 140 may prevent or inhibit the
graphene layer 130 from tearing or being corrugated during a
transferring process. The protective layer 140 may be formed
of poly methyl methacrylate (PMMA), photoresist (PR),
electron resist (ER), silicon oxide (SiOx), or aluminum oxide
(AlOx). The protective layer 140 may be formed to have a
thickness in a range of about 200 nm to about 10 um using a
spin coating method in a relatively low temperature process at
a temperature below 100° C.

The supporting layer 150 is formed on the protective layer
140. The supporting layer 150 may be formed of an adhesive
tape, glue, epoxy resin, a thermal-release tape, a water-
soluble tape, or an ultraviolet (UV) tape to a thickness in a
range of about 100 um to about 200 um. The supporting layer
150 supports the graphene layer 130 when the graphene layer
130 is physically separated from a substrate (not shown) that
is used for manufacturing the graphene layer 130. The sup-
porting layer 150 provides a thickness for gripping when the
graphene layer 130 is moved.

FIG. 5 is a cross-sectional view of the graphene structure
160 disposed on the substrate 100. Referring to FIG. 5, the
adhesive liquid 170 is sprayed onto the graphene layer 130.
The adhesive liquid 170 may be DI water. However, isopropyl
alcohol, ethanol, methanol, or mineral oil may also be used as
the adhesive liquid 170 instead of DI water. Also, after dip-
ping the graphene structure 160 that includes the graphene
layer 130 in the adhesive liquid 170, the graphene structure
160 may be arranged so that the graphene layer 130 faces the
substrate 100.

FIG. 6 is a schematic drawing showing an operation of
discharging the adhesive liquid 170 disposed on the graphene
layer 130 to the trenches 110 by using a pressing unit. Refer-
ring to FIG. 6, the adhesive liquid 170 adhered onto the
graphene layer 130 is pushed into the trenches 110 as droplets
172 by pressing the graphene structure 160. This process is a
primary removal of the adhesive liquid 170. As depicted in
FIG. 6, aroller 180 is used as the pressing unit. The graphene
structure 160 may be pressed by rolling the roller 180 on the
graphene structure 160. As another method, the graphene
structure 160 may be pressed with respect to the substrate 100
from above the graphene structure 160 by using a pressing
unit (not shown). The droplets 172 of the adhesive liquid 170
in the trenches 110 are discharged to the outside through both
edges of the trenches 110.

The substrate 100 is placed in a drying chamber (not
shown). The drying chamber is maintained at a temperature
that may evaporate the adhesive liquid 170. For example,
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when DI water is used as the adhesive liquid 170, the drying
chamber may be maintained at a temperature of approxi-
mately 90° C. After drying for approximately 6 hours, the DI
water adhered to the graphene layer 130 may be discharged to
the outside through the trenches 110. In the evaporation pro-
cess of DI water, a gap between the graphene layer 130 and
the substrate 100 is gradually reduced, and the graphene layer
130 is attached to the upper surface 102 of the substrate 100.

While evaporating the adhesive liquid 170 in the trenches
110, the Van der Waals force between the graphene layer 130
and the upper surface 102 of the substrate 100 is increased.
Accordingly, the graphene layer 130 is evenly attached to the
substrate 100. Also, the surface tension of the adhesive liquid
170 facilitates the adhesion of the graphene layer 130 to the
substrate 100 and improves the roughness of the graphene
layer 130.

The graphene layer 130 over the trench 110 may be torn
when the graphene layer 130 is pulled down into the trenches
110 by the Van der Waals force. Accordingly, the graphene in
the trenches 110 may not be used as a material for electronic
devices. The graphene in the trenches 110 may be removed
when graphene is used for manufacturing electronic devices,
or the trenches 110 may be included in dicing regions. The
graphene layer 130 on the upper surface 102 of the substrate
100 may be used for manufacturing electronic devices.

The supporting layer 150 and the protective layer 140 are
removed. The removal of the supporting layer 150 and the
protective layer 140 may be achieved by etching using an
organic solvent, ion milling, or annealing according to the
materials used to form the supporting layer 150 and the pro-
tective layer 140, and a detail description thereof will be
omitted. The organic solvent may be acetone, chlorobenzene,
or toluene, etc. However, the organic solvent according to an
example embodiment is not limited thereto, and any organic
solvent that may dissolve and remove the supporting layer
150 and the protective layer 140 may be used.

The graphene layer 130 is washed using isopropyl alcohol
or DI water to remove chemical residues from the graphene
layer 130. The graphene layer 130 manufactured by the above
method may be used in manufacturing electronic devices, for
example, field effect transistors, RF transistors, transparent
electrodes, or spin devices.

In a conventional method of transferring graphene, when
an adhesive liquid is removed by drying the graphene on a
substrate on which trenches are not formed, the path of the
adhesive liquid to be evaporated is limited to edges of the
graphene layer. Therefore, drying time is increased, and also,
due to the formation of voids between the graphene layer and
the substrate, the roughness of the graphene layer is
increased.

According to an example embodiment, when a graphene
layer is transferred to a substrate for receiving graphene, an
adhesive liquid is gradually evaporated using trenches.
Therefore, drying time may be greatly reduced, and the
graphene layer may be transferred to the substrate having
relatively low roughness. Productivity for manufacturing
electronic devices that use the graphene layer may be
increased.

While the inventive concepts have been particularly shown
and described with reference to example embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
appended claims.
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What is claimed is:

1. A method of transferring graphene, the method compris-
ing:

patterning an upper surface of a substrate to form at least

one trench therein;

providing a graphene layer on the substrate, the graphene

layer including an adhesive liquid thereon, wherein the
providing sequentially stacks a protective layer and a
supporting layer on the graphene layer and wherein the
adhesive liquid is included only on a surface of the
graphene layer facing the substrate;

pressing the graphene layer with respect to the substrate by

sliding a roller on the supporting layer to press the adhe-
sive liquid into the plurality of trenches; and
removing the adhesive liquid by drying the substrate.

2. The method of claim 1, wherein the adhesive liquid
includes at least one selected from a group consisting of
deionized (DI) water, isopropyl alcohol (IPA), ethanol,
methanol, and mineral oil.

3. The method of claim 2, wherein the at least one trench
includes a plurality of trenches.

4. The method of claim 3, wherein the patterning forms the
plurality of trenches parallel to each other.

5. The method of claim 4, wherein both edges of each of the
plurality of trenches extend towards a circumference of the
substrate when viewed from a plan view.
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6. The method of claim 5, wherein at least one pair of
neighboring trenches of the plurality of trenches are con-
nected by grooves therebetween.

7. The method of claim 4, wherein each of the plurality of
trenches has a width in a range of about 1 pm to about 1000
pm.

8. The method of claim 7, wherein at least one pair of
neighboring trenches of the plurality of trenches have a pitch
in a range of about 0.1 cm to about 10 cm.

9. The method of claim 1, wherein the protective layer
includes at least one material selected from a group consisting
of poly methyl methacrylate (PMMA), photoresist (PR),
electron resist (ER), silicon oxide (SiOx), and aluminum
oxide (AlOx).

10. The method of claim 1, wherein the supporting layer
includes at least one material selected from a group consisting
of'an adhesive tape, a thermal release tape, and an ultraviolet
(UV) tape.

11. The method of claim 1, wherein the substrate includes
at least one selected from a group consisting of a silicon-on-
insulator (SOI) substrate, a plastic substrate, and a glass sub-
strate.



